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@ Polymeric particles and their preparation. 

@ Swollen core/sheath polymeric partlcies are disclosed 
having one or more voids in the core formed by reaction with a 
base such as sodium hydroxide. The sheath contains styrene or 
similar monomer polymerized in an amount greater than 25 
mole per cent and the polymer is free of acid groups. The core 
contains acid groups. Swelling is effected at an elevated 
temperature and in the absence of an organic solvent. 

The swollen particles on drying in a paint or other 
composition have air In the voids and act then as opacifying 
agents. 



00 
CO 



o 

CO 



Q. 

liJ 



Bundesdnickerei Berlin 



0 301 880 



Description 

POLYIMERIC PARTICLES AND THEIR PREPARATION 

This invention relates to polymeric particles and to their preparation and particularly to vesiculated particles 
or to particles containing voids. 

5 According to the present invention a core/sheath polymer particle comprises a core of a polymer formed at 
least from one ethylenically unsaturated monomer containing acid functionality and a hard sheath substantially 
encapsulating said core and said sheath comprising a polymer or copolymer of a nonlonic monoethylenicaily 
aromatic substituted monomer in which said polymer or copolymer contains more than 25 mole per cent of 
said nonionic monomer and said polymer or copolymer being free of polymerlsable acid groups and said 

10 particles containing at least one void resulting from reaction with a non-voiatlle fixed or permanent base. 
According to the invention also a process for the preparation of core/sheath polymer particles comprises 
establishing a monomer system of at least one ethylenically unsaturated monomer with acid functionality, 
polymerising said system in the form of an aqueous emulsion to form core particles, establishing an aqueous 
dispersion of said core particles and a nonionic monoethylenicaily aromatic substituted monomer or mixture of 

15 monomers containing more than 25 mole per cent of said nonionic monomer said nonionic monomer or 
mixture of monomers being free of polymerlsable acid groups and effecting polymerisation of said nonionic 
monomer or monomer mixture to deposit on said core particles a hard sheath free of acid groups, mixing said 
core/sheath particles so formed with a non-volatile fixed or permanent base in the absence of organic solvent 
to swell said cores to generate therein one or more voids. 

20 The present Invention provides vesiculated polymer particles, or core/sheath particles with one or more 
voids in said core, which have a hard protective sheath free of acid groups and which have been prepared by a 
process employing non-volatile fixed or permanent bases as a swelling agent and said swelling being carried 
out in a system free of organic solvent. Recovery of organic solvents Is avoided as Is the recovery of excess 
volatile base such as ammonia. 

25 Surprisingly It has been found that core/sheath particles which have styrenic, or substantially styrenic 
shells, can be swollen in non-volatile hot aqueous permanent bases without the Intervention of a solvent or 
other expedients. A sheath formed of an acrylic polymer with a similar glass transition temperature to a 
styrenic sheath is not swellable under the same conditions. This in itself Is surprising, since acrylic polymers 
are composed of residues of ethylenically unsaturated monomers containing ester groups and it has been 

30 thought for many years that esters are subject to rapid attack by warm, alkaline aqueous media. Styrenic 
polymers, on the other hand, being essentially hydrocarbon in character have been believed to be inert to the 
effects of water and bases of all types. 

The production of core/sheath particles Is accomplished by sequential emulsion polymerization In aqueous 
media, in the preferred embodiment of this invention particles of a preformed latex or "seed" polymer 

35 dispersed in water are increased In size by polymerization of the required monomers to form one or more 
successive polymers onto the preformed particles. Care must be taken in the subsequent polymerization 
stages to ensure that the later stage polymers are deposited on the preformed particles and do not form new 
particles or are not embedded within the polymer particles that have been made in previous stages. The 
procedures described in this invention are effective In preventing the formation of "new generation" particles 

40 wherein the second or later polymerization stages result in product which Is not deposited on the pre-existing 
particles. Measurement of the particle size distributions of the dispersed polymer at every stage of the 
sequential polymerization process ensures that the desired encapsulation of eariier stage particles by polymer 
made in later stages has indeed occurred. 
Particle size distribution is conveniently and reliably measured by use of a disk centrifuge such as that 

45 described by J.D. Hildreth and D. Patterson in J. Soc. Dyers Color., 80. 474 (1960). 

The core polymer may be made by aqueous emulsion copolymerization of one or more ethylenically 
unsaturated monomers containing a carbon-carbon double bond and a carboxyllc acid group. It Is preferred, 
but not essential, that the carbon-carbon double bond in such monomers contains a carbon atom that carries 
two hydrogens. Such monomers are generally more reactive in polymerizations than the corresponding acidic 

50 monomers in which both carbons of the double bond are bonded to substltuents other than hydrogen. 
Suitable acidic monomers include acrylic acid, methacrylic acid, Itaconic acid, aconitic acid, maleic acid or 
anhydride, tumeric acid, crotonic acid, monoesters of the dibasic acids mentioned above and the like, 
Methacrylic acid is the preferred acidic component In this invention. The core polymer may be produced by the 
polymerization of one or more such acidic monomers. In preferred embodiments, however, an acidic monomer 

55 or mixture thereof is copolymerized with one or more ethylenically unsaturated monomers that contain no 
ionizable groups. Examples of such ethylenically unsaturated monomers include methyl methacrylate, styrene, 
vinyl toluene, alpha-methylstyrene, ethylene, vinyl acetate, vinyl chloride, acrylonltrile. (meth)acrylamide, 
various alkyi or alkenyl esters of methacrylic or acrylic acid, various alkyl esters of vinyl alcohol and the like. In 
general core polymers containing at least 10 per cent and preferably at least 200/o, by weight of acld-contalning 

60 monomers are particularly useful in the present invention. 

The monomer mixture used to produce the core polymer preferably includes a small amount of a 
difunctlonal or polyfunctlonal ethylenically unsaturated monomer, such as ethylene glycol diacrylate or 
dimethacrylate. allyl methacrylate or acrylate, 1 .3-butanediol diacrylate or dimethacrylate, dlvinyl benzene. 
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trimethylolpropane triacrylate and the like. The proportion of such di- or polyfunctional monomer may be in the 
range of 0.1 o/o to about 60/o by weight, based on the total monomer charged to the core. 

The monomers that are used to polymerize the sheath polymer on the acidic core polymer contain a 
substantial fraction of nonlonic monoethylenically substituted monomers in which a phenyl or other aromatic 
group is attached to one of the carbon atoms of the carbon-carbon double bond. Examples are styrene, 
alpha-methylstyrene, vinyl toluene, ring substituted derivatives of these monomers and mixtures thereof. The 
sheath polymer preferably also contains minor properties of monomers that serve to lower the softening point 
of the sheath polymer to temperatures of from 40^*0 to 120** C and preferably to temperatures of from 70**C to 
1 00*^0. 

The styrenic type monomers listed above may be regarded as "hard" monomers In this context while the 
comohomers that are used to iower the softening temperature of the sheath polymer could be considered 
"soft" monomers. The reduction of the softening temperature of the sheath polymer that is envisaged is 
intended to facilitate the subsequent swelling of the sheath-and-core latex particles by hot aqueous 
permanent base, as described below. 

Specific examples of soft monomers include butyl acrylate, ethyl acrylate, isobutyl acrylate, the various ethyl 
hexyi acrylates, butadiene, Isoprene, lauryl methacrylate and similar long chain esters of acrylic and 
methacrylic acids and combinations thereof. Dibutyl maleate may also be used. Butyl acrylate Is preferred. A 
feature of the present invention Is the use of an excess of hard monomer over soft monomer in the sheath 
polymerization. 

A useful measure of the softening temperature of the sheath polymer is Its glass-to-rubber transition 
temperature, which Is denoted here as Tg. Tg may be measured by a variety of methods that are well known in 
the industry. Such methods are summarized in textbooks of polymer science such as "Elements of Polymer 
Science and Engineering", by Alfred Rudin, published by Academic Press in 1982. The Tg of a copolymer may 
be approximated by the equation: 



where Tg is the glass-to-rubber transition temperature of the copolymer and Tga and Tgb are the Tg values for 
homopolymers of monomer a and monomer b. which are present in the comonomer mixture with weight 
fractions of Wa and Wb, respectively. TheTg of the sheath polymer used in this invention should be above room 
temperature and preferably be within the range 60" C and 100"C. 

The process of this invention is not workable if the hard sheath polymer is a homopolymer of a hard ester of 
methacrylic acid, such as methylmethacrylate. However, minor proportions e.g. up to 30 mole per cent of such 
aliphatic monomers may be mixed with the aromatic hard monomers of the sheath without departing from the 
scope of this invention. 

The hard aromatic monomer component of the sheath must be more than 25 mole per cent, as described 
above,, however. Typically the hard styrenic or other nonlonic monoethylenically aromatic substituted 
monomers present can be up to 97 mole per cent and preferably 40 to 95 mole per cent. Amounts of the 
so-called "soft" monomers can be preferably from 2 to 60 mol per cent more preferably from 2 to 35 mole per 
cent. 

In an optional, but preferred process for making the core/sheath polymers of this invention the first stage in 
the emulsion polymerization sequence Is the production of a so-called seed latex, which provides nuclei for 
the subsequent growth of the core polymer. The polymer of the seed latex may contain an acidic vinyl 
monomer, but this is not essential for the purposes of this invention. The particle size of the seed latex Is 
preferably less than 100 nanometres. 

The acld-contalning core polymer particle, whether produced In a single stage or a multiplicity of stages, 
usually has a particle size from 100 to 1000 nanometres and preferably between from 100 to 500 nanometres. 
Such measurements refer to the sizes of the latex particles in the unswollen condition. 

The overall size of the unswollen core/sheath polymer latex particles usually is 150 to about 4000 
nanometres and preferably between 200 and 2000 nanometres. 

After swelling of the core/sheath latex particles in warm water containing a permanent base the core volume 
has been swollen by some 150 to 2000 percent. 

The polymerization reactions involved in the present Invention are initiated with initiating agents that are 
generally similar to those employed in conventional emulsion polymerizations. As is common to such 
processes, preferably water-soluble initiators are used. Examples are tert-butyl hydroperoxide, hydrogen 
peroxide, an alkali metal (sodium, potassium or lithium) or ammonium persulphate or a mixture of such initiator 
with a reducing agent to form a redox system. Examples of reducing agents include alkali metal or ammonium 
metabisulphites. hydrosuphites or hyposulphites, or sodium formaldehyde sulphoxylate or various metal Ions, 
such as iron, chromium, copper and the like, that may exist in plurality of valence states. The concentration of 
initiator may be from 0.01 to about 2 per cent by weight of the monomers used In the polymerization and an 
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approximately similar range of reducing agent may be used, in a redox system. 

The molecular weight distribution of the polymer formed in any of the polymerization steps may be 
controlled through use of a free radical chain transfer agent, such as a mercaptan. mercaptoethanol or carbon 
tetrachloride. Preferably, however, such transfer agents are not used. 
5 Nonionic or anionic emulslfiers may be used, either alone or together. In the final latex. It is preferable that 
there should be present both an anionic surfactant and a non-Ionic surfactant, for best polymerization of the 
monomer(s). The choice of mixed surfactants, along with the proper selection of initiator and polymerization 
temperature, facilitates the production of a stable latex and substantially complete absence of residual 
monomers, the presence of which would mal<e the latex product obnoxious. Suitable anionic surfactants 
10 include sodium dodecyl benzene sulphonate and the like. Suitable non-ionic surfactants Include ethoxylated 
alkyi phenols, where the alkyi group is nonyl. octyl, decyl, or similar substances that are known In the Industry. 

The swelling of the core/sheath particles is effected through the use of non-volatile fixed or permanent 
bases. Typically the swelling is effected at an elevated temperature e.g. of from 50** C to 120*^0 more preferably 
from SS'^C to 100°C using an inorganic base such as an alkali metal hydroxide, bicarbonate or other similar 
15 base. Sodium hydroxide and potassium hydroxide are eminently suitable for use as the base. If desired, the 
swelling can be effected under superatmospheric pressure and this is particularly important for a particle with 
a sheath of lOOO/o styrene. 

The swollen core/sheath particles contain voids which when the particles are in the form of an aqueous 
dispersion are filled with liquid water. On drying the voids should become filled with air thus conferring on the 
20 particles their opacifying properties. 

The particles can be used In a wide variety of applications such as aqueous paint systems, plastic 
compositions and many others where opacity is an Important consideration. 
The invention Is illustrated in the following Examples. 

25 Example 1 



Polymerization 

30 The emulsions were prepared In a thermostatically controlled glass reactor, fitted with a stirrer, condenser 
and a glass tube for purging with nitrogen. A typical sequential emulsion polymerization recipe is reproduced 
below. 



35 Emulsion polymerization of seed polymer 

water 433g 

anionic surfactant (Siponate DS-10, Alcolac Inc) 0.3 jg 
ammonium persulphate initiator 0.45g 
40 t-butyl hydroperoxide (70o/o) 0.15ml 

sodium formaldehyde sulphoxylate 0.25g 
water soluble base to adjust pH of seed polymer 

monomer emulsion: 
45 water 39.7 g 

anionic surfactant (Siponate DS-10) 0.06 g 
butyl acrylate 62 g 
methyl methacryiate 56 g 
methacrylic acid 1.55g 

50 In a one litre reactor, water, surfactant, initiator and 7.5 g of the monomer emulsion were combined with 
stirring under a nitrogen atmosphere at 78° C. After fifteen minutes the remaining monomer emulsion was 
added at a rate of 1 g/mln. and the reaction temperature was raised to 85° C. Fifteen minutes after monomer 
addition was complete, the mixture was cooled. At 55° C the t-butyl hydroperoxide and then the sodium 
formaldehyde sulphoxylate dissolved in 5 ml. of water were added. The seed polymer emulsion so obtained 

55 was filtered through a 100 mesh screen to remove coagulum. Number average particle size was detenmlned to 
be 94 nm. 



Emulsion polymerization of core polymer 

60 

water 1060 g 

ammonium persulphate initiator 2.1 g 
seed polymer emulsion (19.60/o solids) 31 g 

65 
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monomer emulsion: 
water 118 g 

anionic surfactant (Siponate DS-10) 0.4 g 
methyl methacrylate 245 g 

methacrylic acid 105 g 5 
ethylene glycol dimethacrylate 1.75g 

In a two litre reactor, water, initiator and seed polymer were combined with stirring under a nitrogen 
atmosphere at BS^C. Monomer emulsion was added to the reactor at 2.6 g/min. and when the addition was 
complete, the reactor was held at 85** C for 30 minutes. The core polymer emulsion so obtained was cooled to 
25^0 and filtered through a 100 mesh screen. Number average particle size was determined to be 332 nm. io 

Emulsion polymerization of core/sheath polymer 

water 486 g 15 
ammonium persulphate initiator 0.262g 
seed polymer emulsion (23<Vo solids) 32.9 g 

monomer emulsion: 

water 100 g 20 

styrene 123.8 g 

butyl acrylate 100 g 

anionic surfactant (Siponate DS-10) 0.5 g 

nonlonic surfactant (Igepal CO 970, GAF Corp.) 2.0 g 

25 

In a one litre reactor, water, initiator and core polymer were combined with stirring at 85** C. l\4onomer 
emulsion was added at 1.7 g/min. One hour after monomer addition was complete, the emulsion of 
core/sheath polymer particles was cooled to 25° C and filtered through a 100 mesh screen. Number average 
particle size was determined to be 890 nm. 

Particte size measurements were performed on an ICI-Joyce Lobe! Disk Centrifuge. Centrifuge speeds were 30 
chosen so that particles passed the detector between 1 and 25 minutes after injection. The output of the 
optical detector was recorded on a strip chart recorder operated at 2.5V full scale. Samples were diluted to 
between 0.25 and 0,5o/o weight concentrations with a 8OO/0 water - 200^ methanol mixture. The spin fluid was 
water or a glycerol-water mixture. The density gradient within the spin fluid was formed with methanol for a 
spin fluid of water and with water for a spin fluid of glycerol-water. In all cases stable sedimentation conditions 35 
were achieved. 

These particles were held for one hour at 99^0 in water with pH 1 1 .75. The medium was made ail<aline with 
sodium hydroxide. The final diameter of the swollen particles, after cooling, was found to be 974 nanometers, 
indicating a diameter swelling of 11.8 per cent and a volume swelling of 720 per cent. The unswollen beads 
were treated, for comparison, for 65 minutes at 97° C In water with pH 6.40. In this case, there was no 40 
detectable swelling of the particles. 

Example 2 

In another version of the core/sheath particles discussed in Example 1 , particles with Identical composition 45 
were made with diameter 408 nanometers. After swelling for one hour at 95'*C in water containing sodium 
hydroxide, and subsequent cooling, the overall particle diameter was found to have increased to 604 
nanometers. 

Example 3 so 

In another version of the core/sheath particles discussed in Example 1, the shell polymer was poly(methyl 
methacrylate) free of any polymerised styrene. In this case, swelling for one hour at 95° C resulted in a diameter 
increase from 328 nanometers to only 341 nanometers. Here the diameter increase was only 4 per cent, 
compared to the 24 per cent change with a styrenic shell, in Example 2. ss 

Example 4 

In another version of the core/sheath particles discussed in Example 1 , the shell polymer was a mixture of 
methyl methacrylate and styrene in the molar ratio of 75:26. Treatment for 1 hour at 95° C in aqueous sodium 60 
hydroxide resulted in a diameter Increase from 397 nanometers to 404 nanometers. This This slight change 
indicates negligible swelling. 

65 



5 



0 301 880 



10 



15 



20 



25 



30 



40 



45 



50 



55 



60 



65 



Example 5 to 13 



By the same general method of Example 1 further products were formed with sheaths of differing 
compositions. 

5 The composition and properties of the particles obtained are given in the following Table. 
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TABLE 

Comonomers 



Tg of pH after 
sheath swelling 



Voids 









°C 






5 


45/45/10 


STY/MMA/BA 


81.2 


12.4 


YES 


6 


94/5/1 


STY/MMA/EQi 


87 


7.5 


YES 


7 


94/5/1 


STY/MMA/EGM 


87 


•7.5 


YES 


8 


■ 95/5 


STY/BA 


87.0 


7.6 


YES 


9 


90/10 


STY/BA 


85.1 


10.5 


YES 


10 


80/20 


STY/BA 


69.2 


8.7 


YES 


11 


85/15 


STY/BA 


77.7 


6.9 


YES 


12 


70/30 


STY/BA 


48.2 


7.9 


YES 


13 


100 


STY 


98.2 


11.5 


NO 



(a) 
(b) 



All at atmospheric pressure 
The swelling agent in all cases was 20% NaOH- 

(a) Temperature of swelling 99^C; diameter swelling was 11.8% 
and core volume swelling was 720%. 

(b) Temperature of swelling was 95°C, diameter swelling 4% and 
core volume swelling was 350%. 

STY = styrene 

BA = butyl acrylate 

MMA = methyl methacrylate 

EGM =ethylene glycol dimethacrylate 
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Claims 

5 

1. A core/sheath polymer particle comprising a core of a polymer formed at least from one etiiylenlcally 
unsaturated monomer containing acid functionality and a hard sheath substantially encapsulating said core 
and said particles containing at least one void resulting from reaction with a non-volatile fixed or permanent 

10 base characterized in that the sheath comprises a polymer or a copolymer of a nonionic monoethylenlcally 
aromatic substituted monomer In which said polymer or copolymer contains more than 25 mole per cent of 
said nonionic monomer and said polymer or copolymer Is free of polymerisable acid groups and said particles 
containing at least one void resulting from reaction with a non-volatile fixed or permanent base. 

2. A core/sheath polymer particle according to claim 1 characterized In that the nonionic monoethylenlcally 
15 aromatic substituted monomer is selected from the class consisting of styrene, alpha-methylstyrene, vinyl 

toluene, ring substituted derivatives of styrene, of alphamethyl styrene and of vinyl toluene and mixtures 
thereof. 

3. A core/sheath polymer particle according to claim 1 or 2 characterized In that the sheath polymer has a 
softening temperature of from 40** C to 120''C, 

20 4. A core/sheath polymer particle according to claim 3 characterized in that the sheath polymer has a 
softening temperature of from 70° C to 100°C. 

5. A core/sheath polymer particle according to any one of claims 1 to 4 characterized in that the sheath is a 
copolymer also of a soft monomer selected from the class consisting of butyl acryiate, ethyl acrylate, isobutyl 
acrylate, the ethyl hexyl acrylates, butadiene, isoprene, lauryl methacrylate, the long chain esters of acrylic 

25 acid, the long chain esters of methacryilc acid, dibutyl maleate and mixtures thereof. 

6. A core/sheath polymer particle according to any one of the preceding claims characterized In that the 
glass transition temperature of the sheath is within the range 60° C and 100°C. 

7. A core/sheath polymer particle according to any one of the preceding claims characterized in that the 
said nonionic monoethylenically unsaturated monomer is up to 98 mole per cent of said sheath. 

30 8. A core/sheath polymer particle according to claim 7 characterized in that the amount of said monomer Is 
from 40 to 95 mole per cent. 

9. A core/sheath polymer particle according to claim 5 characterized in that the amount of the said soft 
monomer is from 2 to 60 mole per cent of said sheath. 

10. A core/sheath polymer particle according to claim 9 characterized in that the amount of the said soft 
35 monomer is from 2 to 35 mole per cent. 

11. A core/sheath polymer particle according to any one of the preceding claims characterized In that said 
core is a copolymer of a non-ionic ethyienically unsaturated monomer and one or more monomers containing a 
carboxyllc acid group or ester thereof. 

12. A core/sheath polymer particle according to any one of the preceding claims characterized In that the 
40 core is a copolymer of an acidic monomer selected from the class consisting of acrylic acid, methacryilc acid, 

itaconic acid, aconitic acid, maleic acid, maleic acid anhydride, fumaric acid and crotonic acid. 

13. A core/sheath polymer particle according to any one of the preceding claims characterized in that the 
core Is a copolymer of an unsaturated monomer selected from the class consisting of methyl methacrylate, 
styrene. vinyl toluene, alpha methyl styrene, ethylene, vinyl acetate, vinyl chloride, acrylonltrile. acrylamide, 

45 methacrylamide, alkyi esters of methacryilc acid and of acrylic acid and of vinyl alcohol and alkenyl esters of 
methacryilc acid and of acrylic acid and of vinyl alcohol. 

14. A core/sheath polymer particle according to any one of the preceding claims characterized in that the 
core contains at least 10 per cent by weight of a monomer containing acid functionality. 

15. A core/sheath polymer particle according to claim 14 characterized in that the core contains at least 20 
50 per cent by weight of a monomer containing acid functionality. 

16. A core/sheath polymer particle according to any one of the preceding claims characterized in that the 
core is a copolymer also of a difunctional or polyfunctional ethyienically unsaturated monomer. 

17. A core/sheath polymer particle according to claim 16 characterized in that the monomer Is selected from 
the class consisting of ethylene glycol diacrylate, ethylene glycol di methacrylate, allyl methacrylate, allyl 

55 acrylate, 1,3 butanedlol diacrylate and 1,3 butanediol dimethacrylate. 

18. A core/sheath polymer particle according to claim 16 or 17 characterized in that the amount of the said 
monomer is from 0.10/0 to 60/0 by weight of the core. 

19. A process for the preparation of core/sheath polymer particles which comprises establishing a 
monomer system of at least one ethyienically unsaturated monomer with acid functionality, polymerising said 

5(7 system in the form of an aqueous emulsion to form core particles, establishing an aqueous dispersion of said 
core particles and another monomer system and polymerising to form a sheath on said core particles and 
mixing said core/sheath particles so formed with a non-volatile fixed or permanent base to swell said cores to 
generate therein one or more voids characterized In that the other monomer system is a nonionic 
monoethylenically aromatic substituted monomer or a mixture of monomers containing more than 25 mole per 

65 cent of said nonionic monomer and said nonionic monomer or mixture of monomers being free of 
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polymerisable acid groups and said sheath being hard and free of acid groups and said swelling being effected 
in the absence of organic solvent. 

20. A process according to claim 19 characterized in that the core particles are formed by polymerising said 
required monomers on preformed seed polymer particles dispersed In water. 

21. A process according to claim 20 characterized in that the seed polymer Is a polymer of a vinyl group 5 
containing monomer. 

22. A process according to claim 19, 20 or 21 characterized in that the seed polymer particles have a size 
less than 100 nanometres. 

23. A process according to any one of claims 19 to 22 characterized in that said core particle has a size ot 
from 100 to 1000 nanometres when in an unswollen state. w 

24. A process according to claim 23 chanacterized In that the core particle has a size of from 100 to 500 
nanometres. 

25. A process according to any one of claims 19 to 24 characterized In that the core/sheath particles after 
formation and before swelling have a size of from 150 to 4000 nanometres. 

26. A process according to claim 25 characterized In that the size Is from 200 to 2000 nanometres. is 

27. A process according to any one of claims 19 to 26 characterized in that the said base is an alkali metal 
hydroxide. 

28. A process according to any one of claims 19 to 26 characterized in that the said base is an alicall metal 
bicarbonate. 

29. A process according to any one of claims 19 to 28 characterized in that the particles are swollen by 20 
heating with said base at an elevated temperature. 

30. A process according to claim 29 characterized In that the said temperature is from 60** C to 120"C, 

31. A process according to claim 30 characterized in that the temperature is from 85'' C to 100'' C. 

32. A process according to any one of claims 19 to 29 characterized in that the particles are swollen by 
heating In the presence of said base under superatmospheric pressure. 25 
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